Modern satellite launch pads are provided with lightning protection system to, take care of direct lightning strike to the satellite launch vehicle during launch preparation period. This paper presents the results of the induced voltage on the conductors interlinking the towers of such a protection system due to a nearby lightning strike. The variation in the induced voltages with lightning strike distances as well as ground conductivities are studied and the results presented in the paper. It has been seen that the waveshape of the induced voltage depends on the :&iking distance, where as the earth conductivity has negligibk effect on the induced voltage. Computational analysis also shows that the magnitude of the induced voltage is reduced by bundling the conductors interlinking the towers.
Introduction
Lightning poses a serious threat to tall objects. A satellite launch vehicle being tall, it is necessary to prevent direct strikes to it by diverting the lightning strike to a close by relatively safe spot [l] . A modern satellite launch pads are provided with lightning protection system to take care of direct lightning strike to the satellite launch vehicle during launch preparation period.
The launch pad protection system under study consists of three tall towers, each 120m in height located at the vertices of an equilate'ral triangle of base 180m. There are five conductors each of radius 1.2 cm connecting the tower top. All the five conductors are bundled at regular intervals throught the span. A simplified diagram of the launch pad protection system is shown in figurel. Any lightning strike coming close to the launch pad is attracted to the tall towers or the conductors and gets diverted to the ground there by avoiding a direct strike to the launch vehicle. However a strike coming close to the protection system but much beyond the striking distance may not terminate at the lightning protection system. But it can induce very high voltage on the lightning protection system conductors as well as the communication and lighting cables on the towers by electromagnetic induction. It becomes also necessary to characterise the induced voltage waveforms due to an indirect strike so that the lightning strike monitoring system of the protection scheme can differentiate between a direct strike as well as an indirect strike. This paper discusses the mathematical model for transient field generated by a nearby lightning stroke as well as'its coupling to the conductors,interlinking the towers. Finally induced voltages for various cases have been computed and p r e sented. 
induced voltage
The evaluation of induced voltzge on the overhead conductors due to a near by lightning strike is generally performed in the following way.
1. Developement of a reliable lightning return stroke model.
ie., the specification of the spatial and temporal distribution of the lightning current along the channel, which produces the electromagnetic fields similar to those generated by lightning return strokes.
2. Estimation of the distortions introduced in the electromagnetic fields generated by the return stroke as they propagate over finitely conducting ground and there by obtain the vertical and horizontal components of electric field at the overhead conductors.
-I b m The return-stroke model is an equation for the longitudinal channel current i(t', t ) at height z' and for a given time instant t. The lightning return stroke model assumes that the current pulse is propagating upward as it would propagate along a uniform transmission line matched at the upper end. The model adopted for this study is the modified transmission line(MTL) model [2] . In this model the lightning current is allowed to decrease with height while propagating along the channel upward. The current propagation along the channel is represented as
The determination of the electric and magnetic fields produced b:. the lightning is very similar to that of a vertical antenna radiating above a lossy half-space. The coupling model adopted for the calculation of lightning induced voltage due to lightning return stroke requires, horizontal and vertical components of the electric field produced by the lightning current. The vertical electric field dE, (r, t , t ) and the horizontal electric fie1 1 dE,(r, z , t ) at altitude z and distance r, generated by a vertical dipole of infinitesimal length d i at height z' can be calculated by employing equations given below if we assume that the earth is a flat and perfectly conducting surface [4, 5] .
where v is the velocity of the return stroke and X is the decay charge stored in the coronasheath of the leader and subsequent discharge during the return stroke phase. The lightning return stroke channel is assumed straight and vertical.
For the lightning stroke current at the ground level ie., i(0, t ) , double exponential puke described by the equation (2) is adopted [3] . constant to account for the effect of the vertical distribution of
For the lightning stroke current at the grouud level, the values of a and p a r e chosen as 3 x 108s-* and 107s-' respectively[3]. The return stroke velocity v is taken as 1.3 x 108rn/s and decay constant X is taken as 1.7km[2].
+ +l
where c,, is the permittivit of free space and c is the velocity of light. R = 4 4 is the distance from the dipole to the observation point. The effects of the perfectly conducting ground plane on the electric fields generated by the dipole are included by replacing the ground by an image current dipole at a distance z' below the ground reference plane. A sketch showing the lightning channel and its image used in calculating the return stroke fields is shown in figure 2 . The fields due to the image dipole is obtained by substituing & for R in the equations (3) and (4). The total vertical and horizontal channel and its image.
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The coupling model for the calcuductance is neglected.
electric fields are obtained by integrating (3) and ( To see the effect of bundling the conductors, the induced voltage on yhe conductors are calculated for the peak current of lOkA and striking distance of 50m with the conductors not bundled. Figure 8 shows the induced voltage waveform for the top and bottom conductors and at tower top.
Since the fields generated by the lightnidg stroke are distorted due to the finite conductivity of the ground, the induced voltage on the overhead conductors are also influenced by the conductivity of the ground. This distortion can be neglected when lightning strike distance is less. However for large lightning strike distances the ground conductivity influences significantly the horizontal component of electric field. To calculate the induced voltage including the ground conductivity, the horizontal electric field is calculated using Cooray-Rubinstein formula [d] . According to this formula the horizontal electric field with the finite ground conductivity E,& = h,r) is given 
Results and discussion
Figures 5, 6 and 7 show the induced voltage at mid-span of the conductor and at tower top for a lightning current of 10 kA and striking distances of 50, 200 and 500 m respectively. The time delay seen in the waveforms corresponds to the time taken for the electromagnetic field produced by the lightning return stroke to travel to the respective observation points. The induced voltage for large striking point distance shows oscillations in the waveshape (eg., for 200m and 500m). The oscillations are more for larger distances (compare figures 6 and 7). For the lightning striking distance of 500. m the oscillation even goes negative. This may be due to the fact that the difference in the time taken for the fields that arrive at the mid-span and tower top is less for large distances. Figure 8 shows the induced voltage waveform for the case when the conductors are not bundled. The induced voltage at the conductor mid span is more on the top conductor where as for the bottom conductor it is less as compared to the bundled configuration. This is because the bottom conductors are shielded by the top conductors and hence the induced voltage is less. When the conductors are taken individually, the surge impedance becomes higher and hence a higher voltage is obtained as compared to a bundled conductor configuration. The induced voltage at the tower top is same for both the cases. It may be concluded that bundling the conductors in effect reduces the induced voltage.
The induced voltage waveform is calculated for a peak current of io=200kA and distance D=500m for (1) assuming the ground as perfect conductor and (2) with a finite ground conductivity of O.OOls/m and relative permittivity of 10.0. The voltage waveforms are shown in figures 9 and 10 respectively. It is observed that the ground conductivity does not influence the magnitude and waveshape of the induced voltage. This is because, the conductor height is large and hence the distortion on the horizontal electric field due to finite conductivity is negligible.
Conclusions
The induced voltage at the tower top and mid-span of the connecting coilductors between the towers of the lightning protection system due to a near by lightning return stroke has been calculated. Modified transmission line model fix the lightning channel has been used to compute electromagnetic field. [ 11 Joy Th0mas.M and G.RNagabhushana, "Development of a lightning protection scheme for satellite lauhch pad at Sriharikota", Report submitted to ISRO, 1997. 
